Water and soil properties in paddy fields subjected to organic and conventional farming were characterized over the rice cycle in South Korea. To achieve the goals of this study, we sampled and analyzed soil and water from 24 organic paddy plots and 11 conventional paddy plots in March, May, August, and October 2016. The results were analyzed using statistical analyses, including analysis of variance (ANOVA), cluster analysis, and principal component analysis. The ANOVA results showed that water content (WC), electrical conductivity (EC), organic matter (OM), and available phosphorus (P2O5) in soil varied significantly (p < 0.01) depending on the farming method. Higher OM, EC, and P2O5 of soil were observed in the conventional paddies than in the organic paddies. All soil properties, except pH and ammonium, depended on seasonal variation. Cluster analysis revealed that soil properties in May were distinctly separated from those in other seasons mainly due to basal fertilization. The principal component analysis distinguished the soil properties in different seasons, but such a distinction was not observed between the soil properties in organic and conventional paddies. Low contents of WC, OM, and total N were observed in March. High concentrations of nitrate and total P were observed in May, but these were low in August and October. The soils from October were also characterized by high concentrations of EC and P2O5. These results indicate that the sampling time for soil and water can significantly influence the evaluation of soil properties with different farming methods.
Introduction
A large variety of agro-chemicals, such as pesticides, herbicides, antibiotics, hormones, and chemical fertilizers, have been used in intensive agricultural production systems. This use has been followed by deterioration of soil health and contamination of water and food chains [1] . For safe and sustainable food production, some farmers have adopted and attempted to employ management techniques that protect the environment and improve biological and natural processes [2] . Organic agriculture has been considered as an alternative strategy to conventional farming to maintain soil health and protect the environment by eliminating the use of synthetic chemicals [3] , although lower production by organic farming compared to conventional production systems has been reported [4] .
Both positive and negative effects of organic farming on soil and water properties have been reported. Lower N inputs in organic cropping systems than in conventional farming systems have led to lower N surplus, and thus less severe nitrate (NO 3 -N) contamination of groundwater [5] . However, Marchand et al. [6] reported that organic farming loses its environmental performance at high N levels, and that during the initial conversion period to organic farming, newly converted organic farmers increase the use of N to compensate for potential yield losses. Marinari et al. [7] also reported that the organic management increased the levels of total N (T-N), NO 3 -N, and available phosphorus (P 2 O 5 ). Organic management is expected to increase soil organic matter content (OM) [8] [9] [10] , but such observations, even in long-term trials, have not been reported in other literature [11] . Different farming systems did not show significant differences in soil and water quality in a studied watershed in southeastern Brazil [12] . In addition to improvements in soil chemical properties, increases in microbial biomass activity have been observed in organic farming [7, 13] . Organic farming systems can reduce soil erosion from fields of row crops because of the development of weeds in the furrows, but reduced crop yield due to competition with weeds can produce higher rates of erosion [14] . Eltun et al. [15] also observed both lower and higher rates of erosion on organic farms, namely lower soil erosion for organic arable crops, but higher erosion for organic forage crops compared with conventional farming. However, individual studies designed to assess the influence of organic farming on soil quality have been performed at different times, and they observed very different influences of the two farming systems. Rice (Oryza sativa L.) is cultivated in a continually flooded condition; thus, weed control is easier than for other crops cultivated in upland conditions. Therefore, organic farming in rice paddy production is more widespread than organic farming of other crops. However, comparative studies between conventional and organic farming of paddy rice fields are scarce. In this study, soil and water quality in organic and conventional paddy fields were investigated throughout the rice cultivation cycle. Our research is valuable because few studies have compared the soil and water environments of organic and conventional paddy fields throughout the rice cultivation cycle. We also considered the impacts of seasonal variation on soil and water properties in this study. To achieve these goals, we sampled soil and water from 24 organic paddy plots and 11 conventional paddy plots in the months of March, May, August, and October. Hydrogen ion concentration (pH), electrical conductivity (EC), OM, T-N, ammonium (NH 4 -N), NO 3 -N, total phosphorus (T-P), and P 2 O 5 of soil and pH, EC, T-N, ammonia (NH 3 -N), nitrite (NO 2 -N), NO 3 -N, T-P, phosphate (PO 4 -P), suspended solids (SS), dissolved oxygen (DO), and chemical oxygen demand (COD) of water were analyzed.
Materials and Methods

Experimental Field
This study was conducted in two adjacent regions, namely Yongin and Anseong cities. Soils were collected four times (March, May, August, and October) and water was collected two times (May and August) in 2016. Water and soil from 14 organic paddy plots and 4 conventional paddy plots in Yongin and from 10 organic paddy plots and 7 conventional paddy plots in Anseong were sampled and analyzed. All organic and conventional plots were located within the same watershed boundary of each region, and the ridge was located at the boundary between Yongin and Anseong, as shown in Fig. 1 . The area of the plots ranged from 486 m 2 to 5,075 m 2 . The organic paddy plots had been under organic production for more than 15 years. Triplicate composite soil samples were collected from the top soil (0-15 cm) at each plot, and water samples were also collected at three points in each plot. The rice paddy growth stages and the fertilization, tillage, and weeding times are illustrated in Table 1 . The month of March was before basal fertilization, May was after basal fertilization, August was after additional fertilization, and October was after harvesting. Animal manure was used as the basal fertilizer in both organic and conventional paddies. For additional fertilizer in organic paddies, expeller cake fertilizer composed of 4% N, 2% P, and 1% K was used.
Analysis of Soil and Water Quality
For the analysis of the chemical properties of the soils, the soil samples obtained from three points at each plot were mechanically mixed, air-dried, and sieved using a US standard sieve No. 10 (2 mm). Water content was determined by measuring the difference in weight before and after drying at 105°C for 24 h. Particle size Harvesting (13) (14) (15) (16) (17) (18) (19) (20) Organic paddy Tillage (14-25) Basal Fertilizer (18) (19) (20) (21) (22) (23) (24) (25) Flooding (1-9) Seeding (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) Additional Fertilizer (3) (4) (5) (6) Flooding (24-28)
Harvesting (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) distribution was analyzed according to ASTM D422 using US standard sieves Nos. 4-200 and a hydrometer. For pH and EC, 50 mL of deionized water was shaken with 10 g of soil for 1 h, and the pH and EC of the solution were measured using a pH/EC meter (SevenMulti S40, Mettler Toledo, Switzerland). OM was determined by the loss of weight by heating at 450°C for 2 h. T-P concentration in soil was determined by the ascorbic method after digestion of soil with HClO 4 . P 2 O 5 concentration was measuring according to the Lancaster method (5 g of soil was extracted with 20 mL of 0.33 M CH 3 COOH, 0.15 M lactic acid, 0.03 M NH 4 F, 0.05 M (NH 4 ) 2 SO 4 , and 0.2 M NaOH at a pH of 4.25). T-N concentration was measured according to the Kjeldahl method; soil samples were digested at 400°C for 4 h using a mixture of K 2 SO 4 and CuSO 4 (9:1 molar ratio) as a catalyst. NH 4 -N was measured using the colorimetric method after extraction from 5.0 g of soil with 50 mL of 2 M KCl followed by filtration with a glass filter (GF/C, 1.2 μm pore size, Whatman, USA). NO 3 -N was measured using the Brucine method after extraction with 2 M KCl.
Water quality was analyzed according to Korean standard methods for analysis of water quality. DO and pH/EC were measured using a DO meter (HI 9146, Hanna, Romania) and a pH/EC meter, respectively. COD was measured using the chromic acid method, in which samples are oxidized by K 2 Cr 2 O 7 . SS were determined by measuring the difference in weight before and after filtering 1 L water samples with a GF/C filter (1.2 μm, Whatman, USA). T-P was measured using the ascorbic acid reduction method after digestion with K 2 S 2 O 8 , and PO 4 -P was measured using the stannous chloride method. T-N was analyzed with a UV spectrophotometer (Optizen POP QX, Mecasys Co., Republic of Korea) after thermal decomposition using NaOH and K 2 S 2 O 8 . NH 3 -N was analyzed using the indophenol method and NO 3 -N was analyzed using the Brucine method. NO 2 -N was analyzed using a UV spectrophotometer at 540 nm after reacting the sample with sulfanilamide and α-naphthyl ethylenediamine dihydrochloride.
Data Analysis
A one-way analysis of variance (ANOVA) was conducted to compare the means of the different treatments. When significant F-values were detected, the differences between individual means were tested using Duncan's multiple range tests. To classify objects characterized by a set of variables into groups, clustering methods were used [16] . Cluster analysis is an explorative analysis method that identifies structures within the data. A hierarchical clustering was used to delineate relationships among groups. Hierarchical clustering analyses were performed on soil and water properties, which were grouped according to their similarity to each other. Ward's linkage method [17] was used in this analysis. To reduce the number of variables through linear combinations of the original variables of soil chemical properties, principal component analysis was used [18] . All statistical analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA).
Results and Discussion
ANOVA Results for Soil Properties and Water Quality
In the comparison of organic and conventional paddies, WC, EC, OM, and P 2 O 5 presented significant variation ( Table 2 ). All soil properties, except pH and NH 4 -N, varied significantly throughout the rice cultivation cycle, and the significance of their difference was very high (p-values were less than 0.0001). EC and P 2 O 5 were slightly influenced by the interaction effects of farming type and temporal variation. The ANOVA results showed that temporal variation influenced soil quality in rice paddies more significantly than in other types of farming.
Water quality in organic and conventional paddies throughout the rice cycle was analyzed statistically, and the results are shown in Table 3 . Organic and conventional paddies differed significantly only for pH and EC among the water quality properties. T-P, PO 4 -P, SS, and COD varied significantly throughout the rice cycle, and pH, T-P, and COD were found to be dependent on the interaction of farming type and season. The ANOVA results for soil properties and water quality showed that soil properties were more significantly influenced by temporal variation than water quality.
Cluster Analysis
Hierarchical cluster analysis was applied for soil properties, and the results are presented in Fig. S1 . The method was not able to differentiate farming methods because conventional and organic farming clustered together. However, we did find that the soil properties in May were distinctly separated from those of the other seasons. Such an observation was not found in the water quality data, and all variables, including region, farming method, and seasonal variation, had no influence on the clustering of the ns values are statistically not significant, * values are statistically significant at p < 0.05, ** values are statistically significant at p < 0.01, *** values are statistically significant at p < 0.0001 water quality data (Fig. S2) . The influence of the variables on soil and water quality properties could not be studied by hierarchical cluster analysis. Therefore, for this study, principal component analysis was determined to be a suitable method.
Principal Component Analysis of Soil Properties and Water Quality
Principal component analysis of soil properties was performed following the ANOVA, which demonstrated significant differences among region, farming type, and temporal variation. pH and NH 4 -N showed no significant difference between treatments at the p < 0.05 level; thus, only 7 of the 9 soil properties were considered for the principal component analysis. The principal component analysis of the remaining 7 variables resulted in three principal components having eigenvalues > 1 and accounting for 66.0% of the total variance in the data ( Table 4 ). The proportions of the soil properties data explained by PC1, PC2, and PC3 were 23.3%, 22.2%, and 20.5%, respectively. T-N was the greatest contributor to PC1, but two additional variables, namely WC and OM, also had highly weighted factor loadings. For PC2 and PC3, two variables in each had high factor loadings, namely NO 3 -N and T-P for PC2 and EC and P 2 O 5 for PC3. The principal component analysis plot (Fig. 2) allowed the distinction of some groups of samples, and these groups were distinctive depending on temporal variation. The soil samples obtained in March had low contents of WC, OM, and T-N, but these were high in soil samples from August. The soils from May were characterized by high concentrations of NO 3 -N and T-P, but those from August and October presented low concentrations of NO 3 -N and T-P. The soils from October were also characterized by high concentrations of EC and P 2 O 5 . The properties of the soil sampled in March were distributed in the middle of the principal component analysis plot and were mixed with the results obtained from other seasons. A distinction between the properties of organic and conventional paddy soil was not shown in the principal component analysis plot, and these results followed the same trend as those obtained from the ANOVA.
In the principal component analysis for water quality, T-N, NH 3 -N, NO 2 -N, and NO 3 -N, which were insignificant depending on treatment in the ANOVA, were not used, and only 6 of the 10 water quality properties were considered in the analysis. The principal component analysis revealed that 75.7% of the data of the 6 parameters tested was explained by three PCs with ei genvalues > 1 (Table S1 ). The percentages of total variance ac counted for by PC1, PC2, and PC3 were 39.6%, 18.6%, and 17.5%, respectively. pH, EC, T-P, and PO 4 -P had high intraset correlations with PC1 (0.696, 0.790, 0.800, and 0.793, respectively), and SS and COD presented high intraset correlations with PC2 and PC3, respectively. The 3-D principal component plot obtained from the principal component analysis of the water quality data is presented in Fig. 3 . Higher concentrations of SS were observed in August than in May, and this observation was especially distinct for organic paddies. The ponded water of the conventional paddies in August had high pH, EC, T-P, and PO 4 -P. In August, a difference in water quality between organic and conventional farming was observed. Water quality results were dependent on the farming method as well as seasonal variation. The influence of seasonal variation on soil properties and water quality could be inferred from various factors, including fertilization, plant growth, irrigation, and depth of ponded water. Therefore, when analyzing soil properties and water quality in paddies, timing should be considered and recorded.
Soil Properties and Water Quality in Rice Paddies
Soil properties of conventional and organic paddies in different seasons are presented in Fig. 4 by average and standard error. As shown in the ANOVA, all soil properties, except pH and NH 4 -N, were significantly different depending on temporal variation. Duncan's multiple range tests were adopted to compare the means of soil properties. A significant difference in pH between conven-tional and organic paddies was not observed. This result is similar to that of Lopes et al. [19] , who observed that pH in organic and conventional paddies differed significantly only in April within the whole rice cycle. Flooded and reducing conditions increase the soil pH, but pH decreases after draining [20] . However, such an observation was not observed in this study during the rice-growing period. In both the conventional and organic paddies, water content varied significantly throughout the rice cycle. Water content was higher in May and August than in other seasons because the paddies were submerged. EC in soils was higher after harvesting than in other seasons, and EC in conventional paddies was higher than in organic paddies. Clark et al. [8] also observed that EC levels in the organic system were stable, and they concluded that animal manures did not increase salinity in soil. OM was higher in August than in other seasons. This result may be due to the application of additional fertilizer in August, but basal fertilization did not increase the OM content in soil because of tillage after basal fertilization. Higher OM content was observed in conventional paddy soil than in organic paddy soil. This result was inconsistent with our expectation, but such a discrepancy could be explained by the fact that a lot of animal manure, as an alternative to inorganic chemical fertilizer, was used in the conventional paddies. Inorganic fertilizer application was regulated from the late 1990s in Korea [20] . Organic fertilizer was also used in organic paddies, but the amount was regulated to obtain certification as an organic product.
Nutrients, namely N and P concentrations, in the soils of organic and conventional paddies are shown in Fig. 4 (e)-(f). Both N and P are indispensable elements for enabling profitable plant growth, but excess amounts of these in soils can deteriorate water quality by runoff. In the case of P, the threshold concentration for runoff is near the level sufficient for optimal plant growth, and an optimal profitable level of P fertility should be maintained for both optimal plant growth and a sound environment [21] . T-N concentration in conventional paddies was higher than that in organic paddies in March and May. As described previously, principal component analysis showed that the soils from August were characterized by high concentrations of WC, OM, and T-N. In the ANOVA, WC and OM were also highest in August, but T-N concentration of conventional paddy soil in May was higher than that in August. This observation could be due to the large dispersion of T-N data of conventional paddy soil in August. Higher NH 4 -N was observed in conventional paddy soil compared with organic paddy soil during March. NO 3 -N concentration was highest in March in both conventional and organic paddies. NH 4 -N and NO 3 -N concentrations were much lower than T-N, thereby indicating that most of the N was present in organic form. A significant difference in T-P concentration between conventional paddies and organic paddies was not observed, but this concentration varied over the rice cycle. The highest T-P concentration was observed in May, after basal fertilization, but the highest P 2 O 5 concentration was observed in October. Time is required for mineralization of organic P, so P fertilization should be performed earlier than May. In Korea, the recommended concentration of P 2 O 5 in soil is 80-120 mg P 2 O 5 kg -1 [22] , but the P 2 O 5 levels of paddy soils in Korea have been reported to be high as a result of high applications of inorganic P [23] . in soils in this study ranged from 2.52-138.37 mg kg -1 , and 98.6% of P 2 O 5 data were less than 80 mg kg -1 , thereby indicating that P 2 O 5 concentrations in most of the investigated fields were lower than the optimum range. Given the fact that similar soil properties were observed in organic and conventional paddies, it could be argued that the type of agricultural management practice did not have a major influence on the water and soil properties in the rice paddies. Because rice culturing is unique due to its inclusion of a long period of flooded conditions, farming management might trigger responses in soil properties that are different from those observed for other crops [19, 24] . As organic and conventional paddies have a similar rice production cycle, including fertilization, tillage, and irrigation, soil properties were less influenced by farming methods than by seasonal variation. Both organic and conventional farming used animal manure as a basal fertilizer, but the animal manure used for organic farming was supplied from a stock farm certified as not using antibiotics. Such a similar fertilization system of organic and conventional farming lead to an insignificant difference in soil properties between organic and conventional paddies.
Water quality in the organic and conventional paddies in different seasons is presented in Fig. 5 . Ponded water in paddies was collected along with soil samples in May and August because the paddy fields in this study were in the flooding phase during the period of May to August. Duncan's multiple range tests showed that T-N, NH 3 -N, NO 2 -N, and NO 3 -N concentrations were not statistically different by either farming method or season. pH, EC, and PO 4 -P of ponded water in the conventional paddies were higher than those of organic paddies, but a lower concentration of SS was observed in the conventional paddies than in the organic paddies. In conventional paddy water, higher pH, T-P, and COD levels were observed in May than in August, but lower PO 4 -P was observed in May than in August. In the organic paddies, pH, PO 4 -P, and SS concentrations were lower in May than in August. Ponded water quality, which was dependent on seasonal variation, followed the same trend as the results of soil properties, but the farming method also influenced water quality. The difference in water quality depending on the farming method was ascribed to irrigation water. The organic paddies were irrigated with groundwater, but in the conventional paddies, reservoir water was supplied using an irrigation canal.
Conclusions
The influences of farming methods and time within the rice growing cycle on soil and water properties were investigated. Soil and water were sampled from 24 organic paddy plots and 11 conventional paddy plots, followed by chemical analyses of soil and water and statistical analyses to compare the influences of the two factors. ANOVA results showed that there were differences in WC, EC, OM, and T-P between organic and conventional paddy soil, but all soil properties, except for pH and NH 4 -N, were significantly different with regard to seasonal variation. Cluster analysis and principal component analysis indicated that soil properties were more dependent on seasonal variation than on the farming method. Such a relatively small difference between organic and conventional paddy soil was attributed to the fact that animal fertilizer was used in both organic and conventional paddies as basal fertilizer. However, water quality data were dependent on the farming method as well as seasonal variation. Higher EC of both water and soil was observed in conventional paddies compared with that in organic paddies. In this study, the influence of seasonal variation on soil properties was also significant, along with the farming method. Best management practices should be performed considering seasonal variation in soil and water in paddies.
